Coumarin-based fluorescent probe for recognition of Cu 2+ and for fast detection of histidine in hard-totransfect cells by sensing ensemble approach Being an essential amino acid, histidine is indispensable for human growth. 14 It plays vital roles in biological system such as serving as a neurotransmitter 15 and as a controller for metals transmission. 16 Excessive of histidine may cause stress and psychological disorders, 17 whereas the deficiency of histidine may result in the chronic kidney disease 18 and pulmonary disease. 19 Therefore, determination of histidine especially in biological samples is an important analytical tool to examine the homeostasis of this species in biological system. not only in aqueous solutions but also applicable to living cells. In contrast to the cell permeable fluorescent on-off probe for histidine and cysteine reported by Rao and coworkers, 20c to our knowledge, our design is the first example of a novel turn-on fluorescent selective probe demonstrating in intracellular detection of histidine in "hard-to-transfect" glioblastoma cells.
Scheme 1 Synthesis of probe CAQA.
The synthesis of 7-N,N-diethylaminocoumarin-4-N-2-amino-N-(quinolin-8-yl) acetamide (CAQA) was achieved by coupling of 7-N,N-diethylcoumarin-4-carboxylic acid (1) with 2-amino-N-(quinolin-8-yl)acetamide 25 (2) promoted by HOBt and EDC (Scheme 1). The structure of CAQA was confirmed with 1 H NMR, 13 C NMR and HRMS spectroscopic methods ( Fig. S1-S4 , ESI). To confer a selective metal ion chelating property on coumarin derivative 1, trifunctional metal binding receptive unit 2 was appended onto its 7-carboxyl functionality, affording the highly fluorescent dyad CAQA. For tuning the sensing ensemble at a non-fluorescence off-state, a variety of metal ions including Na + , ensemble with histidine ( Fig. 3b and Fig. S12, ESI) . The association constant between histidine and Cu 2+ was calculated to be 2.54 x 10 9 M -2 . In addition, through the UV-vis titrations of CAQA-Cu 2+ with histidine, the full recovery of the UV-vis spectrum of CAQA could be realized by the addition of 10 equiv of histidine (Fig. 3c) . On the other hand, the 1 H NMR spectroscopic method was used to probe the binding mechanism. As shown in Fig. S13-S14 , due to the paramagnetic property of Cu 2+ , all proton resonates of CAQA underwent peak broadening when it was mixed with Cu
2+
. Subsequently addition of histidine into CAQA-Cu 2+ solution caused the resumption of the fine structure of CAQA in the 1 H NMR spectrum of the mixture. This result further confirmed histidine is capable of removing Cu 2+ from its CAQA complex. Incidentally the fluorescence recovery of the ensemble could also be observed when the sensing ensemble was titrated separately with Cys, Hcy and GSH (Fig. S15-S17 , ESI). It should be pointed out that snatching of Cu 2+ ion from its chelated complexes by histidine and biothiols was well documented and has been constituted many novel sensing ensemble developments.
11-12
It is noteworthy that while fluorescent chemosensor design for detecting biothiols is well developed, 1d in contrast, selective histidine fluorescent turn-on sensors applicable to cell imaging are scarce. The use of Nethylmaleimide (NEM) as a biothiol scavenger can eliminate the interference of Cys, Hcy, GSH and NAC, which allow us to develop CAQA-Cu 2+ as a selective histidine sensing ensemble. 29 As such, when mixtures of biothiols and NEM were introduced separately into the ensemble, no fluorescent enhancement was observed due to the trapping of sulfhydrayl group of biothiols by NEM through Michael type reaction (Fig.  3a) . Detailed interference study results were shown in Fig.  S18 (ESI), the present ensemble can be qualified as a highly selective sensing device for histidine. Additionally, the LOD of CAQA-Cu 2+ for the detection of histidine is calculated to be 2.6 x 10 -7 M as estimated from Fig. 3b . The pH application range of the present sensing system to the detection of Cu 2+ and histidine was found to be very broad covering the pH from 5.5 to 9.0 well suitable for living cell applications (Fig. S19, ESI) . We also explored the potential applications of the sensing ensemble in biological system. The typical fluorescent images of U87MG cells which have been separately incubated with CAQA and CAQA-Cu 2+ at 5 and 10 M for 12 h, are shown in Fig. 4a-d . According to the visual assessment of these images with these two probes incubated toward hard-totransfect glioblastoma U87MG cells, 30 intensive green fluorescence can be observed in the cytoplasm (Fig. 4a-b) . This observation reveals that a small amount of CAQA can be internalized into the U87MG cells. On the other hand, according to the visual assessment of fluorescent images with CAQACu 2+ incubated toward U87MG cells, significant enhancement of fluorescent signal can be observed in the cytoplasm in contrast to the bare CAQA (Fig. 4c-d) . Somewhat interestingly, the cellular uptake efficiency of the ensemble is enhanced thereby reacting preferentially with cysteine and histidine in the cytoplasm to turn on the fluorescent signal of the device. Conceivably, the fast cellular uptake efficiency of the probe depends on the surface charge density and stability of the composites during the receptor-mediated endocytosis 30 and the subsequent seizure of Cu 2+ from the ensemble by the biomolecules localized in cytoplasm, leading to the recovery of the fluorescence of CAQA. In another experiments, U87MG cells were pre-treated with an excess of thiol-scavenger NEM with lipofectamine to consume all free thiols present in the cells. Subsequently, CAQA or CAQACu 2+ at 5 or 10 μM was separately incubated with the treated cells thereby observing their fluorescent images in Fig. 4e-h 
